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ELECTRON DIFFRACTION AND PIXELATED DETECTORS
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Kinematical scattering
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Electron diffraction : Dynamical effects

Dynamical scattering

\|

Courtesy Dr. E.Mugnaioli Univ of Sienna
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Vincent-Midgley Precession Method

After C.Own PHD
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Precessed




Precession unit Digistar
retrofitable in TEM
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Orientation / phase mapping & Direct Detection

Detectors
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ASTAR: TEM Orientation and Phase Mapping

> 180 installations world-wide in TEM

Orientation Mapping

Advanced Tools for electron diffraction
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ASTAR : Automated Crystal Orientation Mapping

Orientation map

ASTAR : EBSD type tool for TEM
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correlation index = 585

Diffraction pattern

( nanocrystalline cubic copper)
Correlation index map

For a given ED pattern, the correlation index map is calculated for all possible template orientations
and plotted on a map that represents a portion of the stereographic projection (reduced to a double
standard triangle). That resulting map reveals the most probable orientation for every experimental
spot ED pattern ( in this case ED pattern is found to be close to 110 ZA orientation )
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ASTAR : 1 nm spatial resolution orientation map

Multi-twinned gold particles (JEOL ARM 200)
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ASTAR : Spatial Resolution

ASTAR
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1 nm
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500 nm

Jeol 2100 FEG-ASTAR

Seoul Nat University
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Muriel Veron Grenoble INP
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NanoMEGAS - TEM Cs corr / high end microscopes
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Comparison Stingray AVT with EMSIS camera support
at 35 mm port of JEOL 2010F
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ASTAR -Topspin
Medipix lll Merlin
Glascow University UK

Mediphx
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Presenter
Presentation Notes
Hi Stavros,
 
Attached is a screenshot showing the Merlin in the Topspin camera selector user interface at the left.  I created this with some software tricks using the Topspin simulator, but the image shown was acquired from the Merlin detector on our last trip to Glasgow. 
 
Just so you know, the camera selector is only shown in Topspin when more than one camera is configured, typically when there is a slower in-column camera, such as the Gatan Orius for the PED series acquisition (ASTAR/Strain), and a fast camera such as the Stingray is needed for alignments and collecting STEM reference images.  In the case of Merlin cameras, there would typically be only the Merlin detector configured, since this detector is fast enough for alignments and collecting the STEM reference image.  So in Glasgow and probably for other Merlin system, the camera selector would not be presented in the Topspin user interface.
 
Cheers,
 
Doug
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ASTAR : IN SITU EXPERIMENTS

X NanoMEGAS WWW.Nnanomegas.com
Advanced Tools for electron diffraction



ASTAR - in situ HEATING of nc Pd

Protochips Aduro Device and Heating holder

WD = 9.0mm
Mag= 1.10 KX

MEMS heating device

> Fast heating rates ~106 K/s
» Stable

HY mag = WD it det |- 50 pm
5.00 kV 1 500 x 5.0 mm -0 ° ETD
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ASTAR - in situ HEATING of nc Pd
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3D DIFFRACTION TOMOGRAPHY AND
PIXELATED DETECTORS
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Why use electrons?

HREM image and Electron diffraction can be taken from areas as
small as 50 nm; Synchrotron smallest beam size 1-4 pn

The inset shows two crystals suitable for X-ray diffraction and ED ; Purple ellipse
represents the 10 x 4 ym beam of the microfocus X-ray diffraction beamline at ESRF; the

yellow dot is four times larger than the diameter of the TEM nanobeam (Lanza et al (2019). - .
IUCrJ, 6, 178-188) X-Ray peaks broaden with

crystals of nm range
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3D Diffraction Tomography

1° Tilt
(total +- 60°)
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Crystal tracking
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Electron diffraction acquisition

3D TEM diffraction
tomography :

3D reconstruction
of reciprocal

/

complete or almost complete diffraction data to extract unit cell and crystal symmetry
conceptually simple, data can be taken with any CCD camera

solution of structures by direct methods or simulated annealing

R close to 15-35% : reveal all 3D atomic positions with 5-30 pm precision !
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> 300 structures solved with Eleciron Diffraction (2004 - 2019)

Functional
Materials

Jﬂh.ptrrlm:l‘h‘:~
Materials

Zeolites

1 aagan sorce sl ot imdr 20 atorcce s, whih parmas
csppng s or sy Rl purpoms.

rr——.

Outlaok

central

sclence 45/ Cite Thi ACS Cant. e, X300, J00K, X300 2000 htwp7/pubcacsorg/journalisa i

3D Electron Diffraction: The Nanocrystallography Revolution
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ABSTRACT: Crystallography of nanocrystalline matedals kas
witnessed a true revolution in the past 10 years, thanks to the
introduction of protocals for 3D acquisition and analysis of
electron diffraction dats. This method provides single-crystal
data of structure sohstion and refinement quality, alowing the
atamic strocture detemination of those matedals that remained
hitherto unknown because of their limited crystallinity Several
experiments] protocols exist, which diare the common ides of
sampling a sequence of diffaction patterss while the crystal is
tited around 3 phic asis, namely, the

KAAY  pm

WA W W
@ nm

axie of the trnanisdon electron microscope sample stage This Outlock reviews most important 3D electron difftaction
applications for different kinds of samples and problematics, relited with both materials and e seences. Structure refinement

including dynamical scattesing is abso briefly discussed.

1. INTRODUCTION

Accelerated electrons have been long considered the less
promising among the ndistion types wed in aysallogrphy
for Attaining diffraction data suitable for atomic structure
determination. b fact, the large majority of structursl models
depasited in crystallographic databases' ™" have been obtained
by means of X-ray diffrsction, and most of what i left has been

crystall ography. First, the possbility to have parllel dectron
probes with 4 swe of o few ranometers alows collecting
diffra ction data from sample volumes 2 or 3 orders ofmagnitude
samaller than the ones suitable for synchrotron mierofoaused X-
ray beams. Second, the ability to deliver both difaction and
imagingg Gom the same nanovolume allows the combination of
seciprocal and dirsct space information and the experments]

derived from nevtron difaction or spectroscopic methods.
Although still Imited, the use of electron difftaction has grown
rapidly over the past decade, mostly due to the introduction of
3D methods for the systematic acquisition and analysis of
diffracted intensities. Here, we would like to examine how the
use of paralle]l beam electron diffaction for structure
detenmination has evalved fom a mosty qualative techniqoe,

e

used only pecialists, to  quantitative app

to a3 much biger community.
To undesstand the full picture of this (devaletion, it is
impartant to focus on the strengths of accelerated electrons for

g ACS Publications e xom aseas et secey A

of crystallographic phases. Third, the strong
Coulomb interstion between electrons and matter sllows 3
good signabto-noise ratio even from very thin samples and an
easier identification of hght atoms, lke lithivm and hydrogen,
when compared with X rays.

However, the drong seattering of dectrons is also the reasen
why electron diffraction (ED) was disregarded for many years
for structure amalysis. The occurrence of multiple scattering

Received:  Aprl 17, 1019

001101031 et 14
ACS ot S XOXKE, XN, KK
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3D diffraction tomography of
Carbamazepine pharmaceutical crystal

NO CRYO USED

Collection time < 3 min

Diffraction tomography in continuous mode at RT
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TOLVAPTAN API

Diffraction tomography in stepwise
mode at LT
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API used for autosomal dominant polycystic
kidney disease (ADPKD)
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PROTEIN CRYSTAL STRUCTURE - PRECESSION DIFFRACTION
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Nanobeam precession-assisted 3D electron
diffraction reveals a new polymorph of hen
egg-white lysozyme

Arianna Lanza, Beonora Margheritis, Enrico Mugnaioli, Valentina Cappello,
Gianpiero Garau* and Mauro Gemmi*

Cantar for Nanasschnolo gy Innvasion@NEST, lstimeo kaliano di Tacnalogia, Plazza San Slestra 12, 561 27 Pisa, iy,

*Comespondence e-mal: glanpuen gaauin. &, maun. gammas

Recent advances in 3D ckectron diffracion have allowed the structure
determination of several model proteins from submicrometric crystals, the
unit-cell parameters and structures of which could be immediately validated by
known modeks previously obtained by X-ray crystallography. Here, the first new
protein structure determined by 3D electron diffraction data is presented: a
previously unobserved polymarph of hen egg-white lysozyme. This form, with
unit-cell parameters a = 319, b =544, ¢ = 718 A, §= 958, grows as needie-
shaped submicrometric crystak simply by vapor diffusion starting from
previously reported erystallization conditions. Remarkably, the data were
collected using a lowdose stepwise cxperimental sctup comsisting of a
precession-assisted nancbeam of ~150 nm, which has never previously been
applied for salving protein structures. The erystal structure was additionally
validated using X-ray synchrotron-radiation sources by both powder diffraction
and single-crystal micro-diffraction. 3D electron diffraction can be used for the
structural characterization of submicrometric macromolecular crystals and is
able to identify novel protein polymorphs that are hardly visibl: in conventional
X-ray diffraction experiments. Additionally, the analysis, which was performed
on both nanocrystals and microcrystaks from the same arystallization drop,
suggests that an integrated view from 3D electron diffraction and X-ray
microfocus diffraction can be applied to obtain insights into the molecular
dynamies during protein crystal growth.

1. Introduction

In order to address many challenging sdentific issues
concerning structural biology, several X-ray microfacus
beamlines worldwide are fully dedicated to the analysis of 30
protein crystals smaller than a few tens of micrometres (Smith
et al. 2012). The relevance of nanocrystallography is driving
some beamlines to achieve beam sizes below 1 um in order to
investigate even smaller protein crystals (Mouk hametzianoy es
al., 2008; Owen ef al., 2016). However, acoess for the sdientific
community to X-ray ‘beamlines or to 7
tional such as Xray free—l lasers {XFELs:
McNeil & Thampson, 2010} is strongly limited (Grimes ef al,
201%), and therefore there is growing interest in the devel-
opment of alternative approaches. In this regard, electron-
microscopy methods appear to be particularly promising.
Cryo-EM imaging has rapidly become a widespread technique
that is able 1o skip the crystallization step by directly imaging
macramolecular complexes or potentially even single male-
cules of sufficient size (Amunts er al, 2014: Kithlbrandt, 2014;
Cheng, 2015; Nogales & Scheres, 2015; Fernandez-Leiro &
Schercs, 2016; Quentin & Raunser, 2018)

178 tompecicios cxg/10. 11075205
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